Ecological value of coastal habitats for commercially and ecologically important species R ochelle D. Seitz1* H äkan W e n n h a g e 2, Ulf B erg strö m 3, R om uald N. Lipcius1, a n d T om Y se b a e rt4,5 M any exploited fish a n d m acro in v e rteb ra te s t h a t utilize th e coastal zone have declined, a n d th e c auses o f th ese declines, a p a rt from over fishing, rem ain largely unresolved. D egradation o f essential h a b ita ts has resu lted in h a b ita ts th a t are n o longer a d e q u a te to fulfil nursery, feeding, o r re p ro d u ctiv e functions, y et th e d egree to w hich coastal h a b ita ts are im p o rta n t for exploited species has n o t been quantified. Thus, w e review ed a n d synthesized literature o n th e ecological value o f coastal h a b ita ts (i.e. seagrass beds, shallow su btidal a n d intertidal habitats, kelp beds, shallow o p e n w a ter habitats, saltm arshes, m ussel beds, m acroalgal beds, rocky b o tto m , a n d m aricu ltu re beds) as feeding grounds, nursery areas, spaw ning areas, a n d m igration ro u te s o f 59 taxa, for w hich th e In ternational C ouncil for th e Exploration o f th e Sea (ICES) gives m a n a g e m e n t advice, a n d a n o th e r 12 com m ercially o r ecologically im p o rta n t species. In addition, w e provide d etailed infor m atio n on coastal h a b ita t use for plaice (Pleuronectes platessa), c o d (Gadus m orhua), brow n sh rim p (Crangon crangon), a n d European lobster (H om arus g a m m a ru s). Collectively, 44% o f all ICES species utilized coastal habitats, a n d th e se stocks c o n trib u te d 77% o f th e c o m m ercial landings o f ICES-advice species, indicating th a t coastal h a b ita ts are critical to p o p u latio n persistence a n d fishery yield o f ICES species. T hese findings will aid in defining key h a b ita ts for p ro te c tio n a n d re sto ratio n a n d provide baseline in form ation n e e d e d to define know ledge gaps for quantifying th e h a b ita t value for e xploited fish a n d invertebrates.
Introduction
Habitat and exploited species M any exploited species are experiencing p o p u la tio n declines. In a d d itio n to overfishing, h a b ita t changes m ay po ten tially be involved to a large extent in these declines (W o rm et ah, 2006) . C onsequently, a m ajo r effort is un d erw ay globally to a d o p t a n ecosystem -based a p p ro ach to fishery m anagem ent, w hich includes the effects o f fishing o n h a b ita t quality (e.g. H ollow ed et al., 2011) , the use o fm a rin e p ro tected areas (M PAs) based o n h a b ita t characteristics (e.g. L ink et a t, 2011) a n d th e effects o f h a b ita t availability o n fishery yield (M cC lanahan et al., 2011). et al., 2006) . T his has consequences for several ecosystem services p rovided b y these coastal habitats. It has even been estim ated th at th e ecosystem goods a n d services p rovided b y coastal habitats, such as seagrass beds, in te rtid a l habitats, a n d saltm arshes, are a p p re ciably h igher per u n it area th a n th o se p rovided b y terrestrial habitats (C ostanza eta l., 1997) .
A lthough th e influence o f coastal habitats o n p a rticu la r d e m o graphic rates such as survival, grow th, a n d re p ro d u c tio n has been d e m o n stra ted (C h ích aro et al., 1998; A llain et al., 2003; Kostecki et al., 2011; M a rtin et al., 2011; Vasconcelos et al., 2013) , the degree to w hich coastal h abitats are im p o rta n t for exploited species at the p o p u la tio n level has n o t b e en quantified. M an y species rely o n different coastal h ab itats to fulfil th e ir life cycle; th ere fore, h a b ita t q uality a n d c onnectivity are considered essential c h a r acteristics o f coastal ecosystem s (L ipcius etal., 2008) . T hus, there is a critical need to define the integ rated value o f coastal ha b ita ts to p o p u la tio n abu n d an ce, a n d ultim ately fishery yield o f exploited species (ICES, 2008) . W e review ed th e literature, exam ining links betw een coastal h abitats a n d exploited species o r species im p o rta n t in th e foodw eb o f exploited species, to provide the fo u n d a tio n and justification for q u antifying the p ro d u c tio n value o f coastal habitats for exploited species a n d subsequently to integrate h a b ita t quality in stock assessm ent a n d ecosystem -based fishery m anagem ent.
Coastal habitats
C oastal habitats are defined in various ways b y EU countries; we used several sources o f in fo rm a tio n regarding coastal h abitats to guide o u r d e finition. A general d e fin itio n o u tlin e d in th e ICES Science P lan states: "C oastal-zone h a b ita t includes highly p ro d u c t ive estuaries a n d bays, w hich are essential n u rse ry g ro u n d s for a n u m b e r o f co m m ercial a n d recreational fish species a n d h o m e to a n u m b e r o f invertebrates (e.g. clam s, crabs). As well, this h a b ita t is critical to successful m aricu ltu re o p e ratio n s" (ICES, 2008) . This d e fin itio n was a m e n d ed using th e follow ing sources to derive classi fications o f various h abitats in clu d e d in o u r review: th e H abitats D irective (9 2 /4 3 /E E C ), M arine Strategy F ram ew ork D irective (2 0 0 8 /5 6 /E C ) (M SFD ), W ater Fram ew ork D irective (2 0 0 0 /6 0 / EC), a re p o rt o f the ICES W orking G ro u p o n M arine H a b ita t M ap p in g (ICES, 2010) , a n d a recent scientific review (A iroldi a n d Beck, 2007;  Table 1 ). For fu rth e r details a n d for a d d itio n al in fo rm a tio n regarding th reats to th e various habitats, consult A iroldi a n d Beck (2007) , w hose h a b ita t descriptions we have a d ap ted below.
Coastal tidal w etlands and saltm arshes
T he coastline o f E urope is characterized b y estuaries, lagoons, a n d in te rtid a l bays in te rtw in ed w ith saltm arshes a n d irregularly flooded w etlands (A iroldi a n d Beck, 2007) . C oastal w etlands are highly pro d u ctiv e a n d provide nursery, feeding, a n d spaw ning g ro u n d s for com m ercially a n d ecologically im p o rta n t fish, shellfish, a n d bird s. C oastal w etlands are patchw orks o f sand flats, m u d flats, tidal creeks, a n d saltm arshes. Saltm arshes are low coastal grasslands w ith stru c tu ra lly com plex vegetation a n d distinctive patches th a t are regularly flooded b y tidal flow a n d w hich replace m angroves in te m perate a n d A rctic regions.
Shallow vegetated habitats
T he key vegetated habitats in shallow w ater include seagrass m eadow s a n d m acroalgal beds. Seagrasses are rhizom atous, clonal, m arin e plants fo rm in g beds th a t provide food a n d refuge for m an y com m ercial species a n d w hich enhance n u trie n t cycling, w ater quality, a n d sedim ent dynam ics (D uarte, 2002 ; A iroldi a n d Beck, 2007) . Seagrasses can colonize a variety o f coastal habitats from estuarine to m arine, subtidal to intertidal, a n d sedim entary to rocky. Several seagrass species o ccu r along the E uropean coastline, in clu d ing the natives Zostera m arina, Z. noltii, R uppia m aritim a, R. cirrhosa, a n d Cymodocea nodosa.
M acroalgal beds are m ad e u p o f erect b ro w n a n d red m acroalgae, such as kelps a n d fucoids, w hich are ecosystem engineers b y form ing com plex, p ro d u c tiv e h abitats utilized b y vario u s com m ercially and recreationally exploited species. M acroalgae colonize shallow h a rd substrates such as rock, b oulders, cobble, a n d artificial structures fro m in te rtid a l to subtidal h abitats as deep as 30 m (A iroldi and Beck, 2007) . T he d o m in a n t m acroalgae o f th e n o rth w estern E u ro p ean coastline include L am inaria hyperborea, L. digitata, Saccharina latissima, Fucus serratus, a n d Alaria esculenta.
Biogenic reefs and beds
B iogenic reefs a n d beds are th ree -d im e n sio n al stru c tu re s created b y oysters, m ussels, o r polychaete w orm s. S ubsequent generations o ften attach to o ld er individuals, fo rm in g d istin c t clusters. O yster species include the native E uropean flat oyster (Ostrea edulis) and Table 1 . Classification of coastal habitats of im portance to exploited species in the eastern N orth Atlantic O cean and M editerranean Sea.
Class
Habitat Description the in tro d u ced Pacific oyster ( Crassostrea gigas), w hich is easier to cul tivate th a n the native oyster. Blue m ussel (M ytilus edulis) beds are also c o m m o n along the N ortheast A tlantic coast. Generally, the m ussel bed co m m u n ity is m o re species rich a n d contains different species th a n the su rro u n d in g soft sedim ent hab itat (C o m m ito et al., 2008; B uschbaum et al., 2009; Ysebaert et al., 2009) . T hree-dim ensional structures are also co nstructed b y m arin e polychaete w orm s in the fam ily Sabellariidae, p rim arily Sabellaria alveolata a n d Lanice conchi lega in E uropean waters. These structures consist o f sedim ents co n so lidated b y a m u co p ro tein cem ent pro d u ced by the w orm s. Biogenic reefs occur in the intertidal to subtidal zones. Cockle beds are com posed o f aggregations o f cockles buried a few centim etres below the surface in shallow sand, m ud, and gravelly flats from the intertidal to subtidal zones. The m ost w idespread is the edible, c o m m o n cockle (Cerastoderma edule), though another cockle (C. glaucum) can also be locally abundant. Cockles can occur in extrem ely dense aggregations reaching m ore th an 1000 ind. n V 2.
M aerl (a rh o d o lith b ed) encom passes various species o f u n attached, c rust-form ing, calcareous re d algae th a t can fo rm su b sta n tial beds o f live a n d dead m aterial, n o t unlike coral reefs a n d oyster reefs, a n d w hich can serve as n u rse ry h a b ita t (Steller a n d C áceres-M artínez, 2009). T he m ain m ae rl-fo rm in g E u ro p ean species are P hym atolithon calcareum, L ithotham nion corallioides, a n d I . glaciale. M aerl beds occu r from th e surface to 100 m in d ep th , th o u g h m o st are at 2 0 -3 0 -m d epths. P hym atolithon calcar eum form s brittle, p u rp le-p in k , b ra n ch e d stru ctu res th a t look m o re like sm all corals th a n algae, a n d w hich grow as spherical n odules at sheltered sites o r as twigs o r flattened m edallions at m o re exposed sites. M aerl is a n im p o rta n t h a b ita t for m an y species a n d is vulnerable to dam age fro m traw ling a n d dredging.
Mariculture beds and aggregations
A quaculture represents a grow ing c o n trib u to r to the p ro d u c tio n o f aquatic food w orldw ide (w w w .fao.org). In the EU, a q u acu ltu re p r o d u c tio n is a n im p o rta n t econom ic activity in m a n y coastal a n d estu arin e areas. In term s o f p ro d u c tio n , shellfish farm ing represents the m o st im p o rta n t sector (B ostock e ta l., 2010) . Shellfish farm ing is p rim a rily based o n bivalves th a t are b o rn in the w ild (i.e. n a tu ra l spatfall) a n d rely o n food (e.g. p h y to p la n k to n ) provided b y the n a tu ra l e n v iro n m en t in w hich th ey are c ultured. Two m ain categories o f farm ing are practiced in the EU: suspended o r offb o tto m cu ltu re a n d b o tto m cu ltu re (M cK indsey et al., 2011) . S uspended cu ltu re is used in deeper, su b tid al w aters a n d includes suspended ropes a n d longlines from floating rafts for m ussel a n d o th e r shellfish species. T his tech n iq u e was developed to take ad v an tage o f spatfall locations as well as areas o f good w ater quality a n d food availability. O ff-b o tto m cu ltu re is m ain ly c arried o u t in in te r tidal areas w ith m acro tid al regim es, w ith o ff-b o tto m trays for oysters a n d poles o r stakes (b o u ch o ts) for m ussels. B o tto m shellfish cu ltu re is a type o f cu ltu re w here juvenile o r a d u lt anim als are placed o r relayed o n the b o tto m for on-grow ing. T his type o f c u ltu re is m ain ly c o n d u cted in shallow coastal a n d estuarine areas, b o th in te r tidal a n d shallow subtidal.
M ussels are the m ain shellfish species p ro d u c e d in E urope (Sm aal, 2002) . Two species are being cultured: th e blue m ussel (M. edulis) a n d th e M ed iterran ean m ussel (Aí. galloprovincialis). E u ro p ean aq u acu ltu re o f m ussels relies alm ost entirely o n n a tu ra l spatfall. Besides m ussels, tw o species o f oysters are c ultured: the Pacific oyster (C. gigas) a n d the native E u ro p ean flat oyster (O. edulis). O f th e tw o oyster species, th e Pacific oyster d o m in ates in m aricu ltu re o perations. O th e r shellfish cu ltu red in E urope include a n u m b e r o f species o f clam s, scallops, a n d abalones.
U nvegetated soft bottom , hard structure, and open w ater
These h abitats are w idespread in w estern E u ro p ea n w aters a n d include in te rtid a l a n d shallow su b tid al m u d flats, sand flats (exclu sive o f coastal tidal w etlands), b o tto m s o f m ixed sedim ents, a n d h a rd -b o tto m h ab itats su ch as rock, b oulders, a n d cobble. M an m ad e h a rd stru ctu res include those used as artificial reefs a n d e ro sio n -co n tro l stru ctu res th a t can also provide valuable habitat. O p e n w aters in the coastal zone are defined as those shallow er th a n 30-m d e p th , b u t are n o t directly next to the coast.
Exploited species
C om m ercial species from the N ortheast Atlantic are poorly repre sented in the literature covering quantitative habitat assessments or habitat-specific dem ographic rates in coastal areas (Vasconcelos et al., 2013) . It was, therefore, o f interest to establish to w hat degree com m ercial species use coastal habitats. The present review was focused o n the species for w hich ICES gives advice (hereafter "ICES-advice species"), directing this sum m ary com pilation to im p o rtan t stocks for ICES M em ber C ountries (i.e. Belgium, D enm ark, Estonia, Finland, France, Germany, Iceland, Ireland, Latvia, Lithuania, the Netherlands, Norway, Poland, Portugal, Russia, Spain, Sweden, and the UK; US and C anadian fish stocks are n o t included in the advice, though these are ICES M em ber Countries) a n d to taxa for w hich inform ation o n the influence o f coastal habitats could be incorporated in future ecosystem -based advice.
ICES gave advice for 59 taxa in 2012 (ICES, 2012; Table 2 ). Stocks w ith full analytical assessm ent w ere inclu d ed to g eth er w ith datap o o r stocks o r species for w hich o nly p re ca u tio n a ry advice is given. To increase th e cover o f invertebrate species, we investigated a n u m b e r o f m olluscs a n d crustaceans th a t are im p o rta n t e co n o m ically o r ecologically, specifically for ICES M em ber C ountries.
Methods

Literature review
W e com piled relevant scientific literatu re o n h a b ita t use o f the IC E S-relevant species a n d o f a n u m b e r o f a d d itio n al invertebrates w ith high landings in the ICES A rea o r th a t are o f ecological im p o rt ance. T he searches w ere m ad e using G oogle Scholar, p rim a rily by c o m b in in g species n a m e + h a b ita t fu n c tio n (spaw ning, nursery, feeding, m ig ratio n ). In cases w here n o m atches w ere fo u n d , we m ad e searches b y species n a m e + h a b ita t n am e a n d finally by h a b ita t n a m e + "fish" o r "invertebrates" for h abitats po o rly re p re sented in th e o riginal search. D e p th ranges for v arious species were o b tain e d fro m FishBase (Froese a n d Pauly, 2013). W e also recognize th a t shellfish a q u acu ltu re is gaining im p o rta n ce a n d has th e p o te n tial to greatly influence coastal b e n th ic habitats; thus, we exam ined th e influence o f shellfish a q u acu ltu re o n these habitats.
Habitats and habitat function
C oastal h abitats w ere as defined above, b u t m odifications h a d to be m ad e to this classification to a cc o m m o d ate th e lack o f detailed h a b ita t descriptions in the literatu re a n d th e p o o r re p resen tatio n o f som e habitats in fish studies. W e evaluated h a b ita t use o f c o m m ercially im p o rta n t fish species a n d invertebrates b y exam ining fo u r different ecological h a b ita t functions: spaw ning, nursery, feeding, a n d m igration. T he categorization was m ain ly based o n papers referring to these functions, b u t also, in som e instances, o n o u r conclusions referring to th e d e finitions o f fu n ctio n s in Table 1 . The function of coastal habitats for species was divided into (S) spawning area, (N) nursery ground, (F) feeding area, and (M) migration route. Coastal habitat types constitute a subset of the habitats in Vasconcelos et al. (2013) (ii) N ursery: reference to the c o n ce n tra tio n o f juvenile stages o r at least th e presence o f juveniles;
(iii) Feeding: th e use o f habitats b y adults as feeding g ro u n d s o r at least th e presence o f adults n o t related to spaw ning; a n d C atches o f species using coastal habitats a n d ICES-advice species w ere th e n related to th e to ta l catch in th e N o rth e ast A tlantic using d a ta from ICES catch statistics for 2010 (h ttp ://w w w .ic e s.d k / fish / CATCHSTATISTICS.asp).
Results
Coastal habitat use by ICES-advice species
O u t o fth e 59 ICES species investigated, 26 species (44% ) were consid ered to use coastal habitats. N one o fth ese 59 species seem ed to be resi d e n t in a single coastal habitat, a n d for the large m ajority o f species, the life cycle also had a non-coastal co m p o n e n t (Table 2 ). In addition, a n u m b e r o f species used m ore th an one type o f coastal habitat. Overall, the nu rsery function was the m ost prevalent function, o ccur ring in 30% o f the ICES species, followed b y feeding grounds for 20%, spaw ning areas for 10%, a n d m igration routes for 8% (Figure 1 ). In o u r review, representatives o f ICES-advice species utilized m o st h abitats th a t we investigated, a n d all habitats except kelp, salt m arshes, a n d m ussel beds su p p o rte d all th e fo u r functions for at least one species (Figure 2 ). S ubtidal soft b o tto m was th e hab itat used as spaw ning a n d n u rse ry areas b y the largest p ro p o rtio n o f species, a n d in te rtid a l soft b o tto m was also used heavily as n u rsery grounds. T he m o st prevalent h a b ita t for feeding a n d m ig ra tio n a m o n g th e ICES species was shallow o p e n w ater, th o u g h subtidal soft b o tto m was also used b y m an y species for feeding (Figure 2) . In a d d itio n , o u r literature review show ed th a t th ere is a specific lack o f in fo rm a tio n o n fish from com plex h a rd b o tto m hab itat types, inclu d in g kelps a n d m acroalgae, p articu larly in E urope. ------------------------------------------------------------------------------------- 
Coastal habitat use by Invertebrates
■
+* --------- cu 5 25 ■ « O 2 0 ■ ------------ d> M = 15 ■ Í 2 10 ■ --------- o -------- I - 5 ■ 0 -------------i------i --------i --------i ------------
Spawning Nursery Feeding Migration
Habitat Figure 1 . Percentage (%) of ICES-advice fish species using coastal habitats for spawning, as nursery grounds, for feeding, and for migration.
lobster (Nephrops norvegicus) a n d n o rth e rn sh rim p (Pandalus bor ealis). O ne reason for this m ay be th a t m an y com m ercially im p o rt a n t invertebrates are less m obile th a n fish, such th a t th e local p o p u latio n s are, therefore, m anaged nationally. W e chose to d o a close e x am in atio n o f coastal h a b ita t use for com m ercially im p o rta n t invertebrates th a t h a d a su b stan tial percentage o f fishery landings in th e ICES Area, as well as for a n u m b e r o f species o f p a rticu la r interest d u e to th e ir m ajo r c o n trib u tio n to o th e r fishery landings in the A tlantic (e.g. Callinectes sapidus) o r as im p o rta n t p rey species (e.g. M acom a balthica) for o th e r com m ercially im p o rta n t species (Table 3) . O f the 12 invertebrate species exam ined, all used coastal h a b ita t d u rin g som e phase o f th eir life h isto ry (Table 3 ). All h abitats except kelp a n d saltm arsh w ere used b y several o f the invertebrate species we exam ined. Shallow o p e n w ater was th e h a b ita t m o st c o m m o n ly used b y invertebrates for spaw ning, w hereas in te rtid a l a n d su btidal so ft-b o tto m h abitats w ere used b y th e largest p ro p o rtio n o f in v erte brates as nurseries. S ubtidal so ft-b o tto m habitats w ere used m ost c o m m o n ly for feeding. M ost o f th e coastal habitats investigated, except kelp, w ere used b y invertebrates for th e n u rse ry fu n c tio n (Figure 3) .
O f th e coastal habitats investigated, shallow su b tid al a n d in te r tidal h abitats w ere th e m o st c o m m o n ly used b y invertebrates, w ith 1 6 -2 5 % o f the invertebrate species we investigated using these tw o h abitats for spaw ning, 50% o f species using these habitats for n u rse ry grounds, a n d 2 5 -5 8 % o f species using these h abitats for feeding (Figure 3 ). Shallow o p e n w ater habitats w ere used n o t o nly for invertebrate spaw ning, b u t also for n u rse ry g ro u n d s a n d feeding. R ocky shores w ere also c o m m o n ly u sed for feeding ( 16% o f species) o r as n u rse ry grounds.
Catches o f ICES-advice species using coastal habitats
T otal landings o f fish a n d invertebrates re p o rte d w ith in the ICES A rea w ere estim ated to be 8 514 820 t for 2010. H e rrin g ( Clupea har engus) co m p rised th e highest to n n ag e o f catch a n d the largest p e r centage o f to ta l catch in the N o rth e ast A tlantic (~2 3 % ); this species utilized coastal h abitats fo r n u rse ry gro u n d s, spaw ning, a n d feeding (Tables 2 a n d 4). C o d ( Gadus m orhua) a n d m ackerel (Scomber scombrus) represented th e next highest tonnages a n d p e r centages, to g eth er a cc o u n tin g for over 20% o f to ta l catch (Table 4) . T hey utilized coastal habitats for nursery, feeding, a n d m igration areas (Table 2) (Table 4) .
T he species associated w ith coastal h a b ita ts m ad e u p 71% o f the to ta l landings a n d 77% o f th e cum ulative landings o f ICES-advice species in th e N o rth e ast A tlantic (Table 4) . A lthough the N orw ay lobster is a com m ercially im p o rta n t invertebrate species in E urope a n d rep resen ted th e largest percentage o f to ta l ICES catch o f any in vertebrate, it acco u n ted for less th a n 1% o f th e to ta l fishery catch in th e N o rth e ast A tlantic (Table 4) .
Influence o f shellfish aquaculture on benthlc habitats
A lthough there are m a n y a n th ro p o g e n ic influences o n coastal h a b i tats, shellfish a q u acu ltu re is a m ajo r o n e o f increasing concern. P otential positive a n d negative en v iro n m en tal effects o f different shellfish aq u acu ltu re practices are w idely described in the scientific a n d technical literature (e.g. Kaiser e ta l., 1998; Newell, 2004; B orja ). T he effects are also site-specific a n d d e p en d largely o n the local e n v iro n m en ta l co n d itio n s (Read a n d Fernandes, 2003) . T he sensitivity o f the ecosystem , the h abitats in w hich c u ltu re practices occur, a n d th e assim ilative capacity o f the su r ro u n d in g en v iro n m en t are key to d e te rm in in g th e m ag n itu d e a n d significance o f th e im p a c t (C ra n fo rd et al., 2012; B unting, 2013) . Shellfish p o p u latio n s rely o n the n a tu ra l availability o f n u trie n ts a n d algae for th eir grow th (Sm aal a n d V an Stralen, 1990; D am e, 1996) . H ighly pro d u ctiv e areas are preferred, such as shallow bays a n d estuaries (N unes etal., 2003) . A healthy ecosystem is, therefore, o f u tm o s t im p o rta n ce for shellfish aquaculture. T hese areas are also o ften rich in b iodiversity a n d act as im p o rta n t n u rse ry g ro u n d s for fish a n d crustaceans a n d feeding areas for b ird s (Sequeira et al., 2008) . Because o f this, m an y o f these areas are in te rn atio n ally p ro tected a n d are p a rt o f the E u ro p ean N atura2000 netw ork. T his can lead to conflicts w ith shellfish o perations, as was the case in the N etherlands. P ro p e r p lan n in g a n d lo catio n o f activities should proceed in a sustainable m a n n e r a n d a t sustainable levels, according to th e carrying capacity o f p a rticu la r areas. Recently, focus is n o t solely o n carrying capacity in term s o f th e m ax im u m sustainable yield (MSY) o f th e bivalve culture, b u t also o n p o ten tial changes in ecosystem stru c tu re a n d fu n c tio n in g a n d ecological variability over different spatial a n d tem p o ral scales (C ra n fo rd et al., 2012). A n ecosystem -based m an ag em en t p olicy th a t balances th e different needs is in th e lo n g -te rm interest o f coastal co m m u n itie s a n d sus tainable developm ent o f coastal resources.
Coastal habitat use by individual species
To provide concrete exam ples o f the ecological value o f coastal h a b i tats for fish a n d invertebrates, we highlight a selection o f c o m m e r cially im p o rta n t species fro m th e ICES A rea a n d describe th eir The function of coastal habitats for species was divided into (S) spawning area, (N) nursery ground, (F) feeding area, and (M) migration route. Coastal habitat types constitute a subset o fth e habitats in Vasconcelos et al. (2013) for which there was information on species habitat use.
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Plaice (Pleuronectes platessa)
Plaice o ccu r o n sandy a n d m u d d y substrata o f the E u ro p ea n shelf fro m the B arents Sea to th e M e d ite rran e a n inclu d in g m o st o f the G ibson, 1994) . V ariation in year-class stren g th is generated d u rin g the pelagic stages a n d subsequently d a m p e n ed d u rin g the early ju venile stage (van d e r Veer, 1986; B everton, 1995) . G row th rate is negatively correlated a n d m o rta lity positively correlated w ith settle m e n t density, indicatin g th a t d en sity -d e p en d e n t processes are acting in the n u rse ry g ro u n d s (P ihl et al., 2000) . These nurseries are im p o rta n t for stock dynam ics, since a re lationship betw een n u rse ry size a n d p o p u la tio n a b u n d an c e exists, a relationship th at has been conveyed as th e "n u rse ry size hypothesis" (R ijnsdorp et al., 1992 ; v a n d e r Veer et al., 2000) . The W adden Sea is considered the largest a n d m ost im portant nursery ground in the N o rth Sea. Spawning grounds are located such that eggs and larvae are transported w ith prevailing currents towards the nursery grounds, th en they use selective tidal-stream transport to reach the shallow productive areas (Rijnsdorp et al., 1985) . Plaice leave their nursery grounds at the end o f their first sum m er th en grad ually m ove towards deeper waters w ith increasing size.
T here is a targeted fishery for plaice using b eam traw ls, D anish seines, a n d gillnets, especially in th e N o rth Sea a n d th e Irish Sea. T he N o rth Sea stock has increased recently a n d is c u rre n tly fished at MSY. In th e W estern C hannel, spaw ning-stock biom ass (SSB) is above BMSY, b u t fishing pressure (F ) is above target. For th e o th er stocks, th ere is insufficient in fo rm a tio n , a n d p re ca u tio n a ry advice is given (ICES, 2012) .
Cod (C. m orhua)
C od is w idely d istrib u te d in the N o rth A tlantic a n d A rctic (Froese a n d Pauly, 2013) a n d is fo u n d in a v ariety o f habitats, fro m the sh o re line do w n to the c o n tin e n ta l shelf. W h en m atu rin g , th e o p tim u m tem p e ra tu re for cod decreases, a n d the larger fish are m ainly fo u n d in deeper, colder w aters.
C od spaw n in pelagic h abitats usually offshore, a n d eggs a n d larvae drift w ith c u rre n ts for m o n th s before settling to th e seabed (Juanes, 2007) . As juveniles, th ey are m ain ly fo u n d in com plex h a b i tats, such as seagrass beds, kelps, rocky shores, a n d gravel b o tto m s w ith cobble a n d attached fauna, w hich p rovide shelter from p re d a tio n (Pihl a n d W ennhage, 2002; L in d h o lm etal., 2004; N o rd e rh au g et ah, 2005; Juanes, 2007) . M o rta lity risk o f 0-g ro u p cod is low er in com plex h a b ita t types th a n in sim ple habitats, suggesting th a t cod re cru itm e n t m ay be a fu n c tio n o f h a b ita t availability (Juanes, 2007) . O lder life stages o f cod are less d e p en d e n t o n specific h a b ita t types, p ro b ab ly as a consequence o f a low er vulnerability to pred atio n .
C od has historically b een b y far th e m o st im p o rta n t dem ersal species o f N o rth A tlantic fisheries, a n d it c o n tin u e s to be so alth o u g h m an y cod stocks have b een severely depleted. M ost catches are taken in traw ls, b u t th ey are also tak en in seines, gillnets, a n d h o o k a n d line gear. L andings o f cod w ith in the ICES A rea peaked in l9 5 6 ;in 2 0 1 0 , th ey w ere d o w n to 909 000 t, w hich is 40% o f th e m ax im u m h isto r ical catch (Table 4) . A fter a few years o f low ered to ta l allowable catch in c o m b in a tio n w ith o th e r m an a g em e n t m easures, several stocks have n o w started to increase, w hereas others re m a in at a low level (C ardinale e ta l., 2013).
Brown shrim p (Crangon crangon)
A n a b u n d a n t species in E u ro p ea n w aters, th e b ro w n sh rim p , also k n o w n as the c o m m o n sh rim p , is im p o rta n t ecologically a n d as a fishery species, especially in th e N o rth Sea. T his species tolerates diverse e n v iro n m en ta l cond itio n s, a n d its d istrib u tio n ranges along the E u ro p ean coast from th e W h ite Sea to M orocco, in cluding th e M e d ite rran e a n a n d Black Seas.
A side fro m the pelagic larval stage, this species is resident in shallow coastal areas o f 1 -2 0 m in san d o r m u d d y sand habitats, al th o u g h th ere have been records o f this species fo u n d in d e p th s o f 130 m (FAO, 1999) . In th e W ad d e n Sea, shallow in te rtid a l habitats are nurseries for C. crangon from F ebruary th ro u g h June, d ep en d e n t o n tem p eratu re. B row n sh rim p can be fo u n d in high densities in tide pools a t low tid e ( C attrijsse a n d H am pel, 2006). T hey leave the tidal zone a t ~3 0 m m in carapace length fro m July th ro u g h Septem ber, w h en th ere is a large re cru itm e n t to the a d u lt stock. In w inter, adults spaw n again, a n d in spring, larvae m igrate in sh o re a n d settle in the in te rtid a l zone (K uipers a n d D apper, 1984). In th e UK, th ere are sea sonal m igrations betw een Severn E stuary a n d B ristol C hannel (H e n d erso n a n d H olm es, 1987). Ecologically, th ere is evidence th a t C. crangon is a m ajo r stru c tu rin g force for shallow, so ft-b o tto m co m m u n ities, w here th ey are a d o m in a n t p re d ato ry species.
Crangon crangon is fished in G erm any, th e N etherlands, D enm ark, UK, B elgium , a n d France. F or this species, th ere is n o of ficial ICES advice given, b u t it is o f p rim e concern, a n d th ere has b een a n ICES W orking G ro u p for this species. In 2010, in the N o rth Sea, th ere w ere 36 000 t landed, d o m in a te d b y G erm any a n d th e N etherlands, a n d the stock is stable (ICES, 2011). T here is n o m an ag em en t p lan for th e fishery, a lth o u g h th ere are som e m eshsize regulations (Innes a n d Pascoe, 2007), a n d the ICES W orking G roup o n Crangon fisheries a n d life h isto ry has suggested th at fu rth e r m an ag em en t sh o u ld be im p lem en ted . T he fishery cu rren tly uses unselective gear in shallow coastal n u rse ry areas, w hich results in excessive discards a n d dam age to th e e n v iro n m en t (ICES, 2011); thus, the fishery could be m ad e m o re efficient.
European lobster (H om arus gam m arus)
T he E u ro p ea n lobster has a b ro a d geographic d istrib u tio n in the eastern A tlantic from n o rth w e stern N orw ay (L ofoten Islands) to so u th eastern Sweden a n d D en m ark , b u t possibly because o f low sal in ity a n d tem p e ra tu re extrem es, it is absent from th e Baltic Sea (C h a rm a n tie r et FAO, 2012) . Its d istrib u tio n so uthw ard extends along th e m ain lan d E u ro p ean coast a ro u n d B ritain a n d Ireland, to a so u th e rn lim it o f ~3 0°N latitu d e o n the A tlantic coast o f M orocco (P ro d ö h l e ta l., 2006).
T h e re is little in fo rm a tio n o n th e j uvenile phases o fTí. gam m arus. In E ngland, h ab itats w ith suitable crevices are so u g h t o u t, a n d in lab experim ents, juveniles also can b u ry in fine, cohesive m u d . Early j u venile stages o f th eir close relative Fi. am ericanus use cobble as th eir m ain h abitat, a n d this h a b ita t is th o u g h t to be a dem o g rap h ic b o ttle n eck to th o se p o p u latio n s (W ähle a n d Steneck, 1991). G iven th eir sim ilar life cycles, it is reasonable to believe th a t th e sam e m ig h t be tru e for th e E u ro p ean lobster. A dult Fi. gam m arus live o n th e c o n tin e n tal shelf a n d use a ro c k crevice h a b ita t (H o w ard a n d B ennett, 1979). Gravel a n d cobble are th o u g h t to b e th e p rim e n u rse ry h a b i tats. M oreover, adults colonized artificial reefs in th e UK. In England, areas w ith habitats th a t include less stru c tu re a n d fewer large-scale o u tcro p s for ad u lts p ro d u c e lobsters o f sm aller size th a n o th e r areas, indicatin g th e im p o rta n ce o f th e h a b ita t for grow th (H ow ard, 1980) . Larvae are spaw ned in shallow bays in Ireland a n d display diel vertical m ig ra tio n w ith high densities in th e n e u sto n (i.e. surface w aters) at daw n a n d d u sk (Tully a n d C éidigh, 1987) . Spaw ning begins in July, a n d a spaw ning peak occurs in A ugust (P andian, 1970) . T here is little in fo rm a tio n o n the H . gam m arus fishery, a n d a lack o f official registration o f catches, w hich m ay m ea n th a t p o p u latio n size is u n d erestim ated . Because o f this, m an ag em en t is difficult, a n d stock status is n o t well k n o w n (G alparsoro etal., 2009) . T otal a n n u al E u ro p ean landings have varied betw een 1600 a n d 5000 t in the recent past (H olthuis, 1991; P ro d ö h l et al., 2006) , w ith a slow in crease since th e 1970s. M oreover, lobster catches vary considerably betw een c o u n tries (FAO, 2006; P ro d ö h l eta l., 2006) . L obster a q u a c u ltu re is also developing, based o n som e local declines a n d increases in d e m an d , b u t p ro d u c tio n rates are low. Local p o p u la tio n s sh o u ld be m an ag ed separately as self-recruiting stocks, as local stocks vary am o n g countries. In som e areas, stocks have locally collapsed. F or exam ple, the N orw egian stock collapsed betw een 1960 a n d 1980 (A gnalt e t a l , 2007) .
W e have som e detailed in fo rm a tio n o n coastal h a b ita t use for a few im p o rta n t species, as discussed above. H ow ever, in general, th ere is p o o r know ledge regarding h a b ita t d ependence even for m an y c o m m o n species.
Discussion
T he p re sen t assessm ent dem o n strates clearly the use o f coastal h a b i tats b y com m ercially a n d ecologically im p o rta n t species a n d th u s suggests th e im p o rta n ce o f those habitats to p o p u la tio n dynam ics a n d fishery yield. O f all ICES-advice species, a large percentage (44% ) utilizes coastal h abitats d u rin g som e p o rtio n o f th eir life history, indicatin g the ecological value o f coastal habitats. M oreover, those advice species using coastal h abitats w ere re sp o n sible for a m ajo rity (71% ) o f the fishery landings in ICES M em ber C ountries, d e m o n stra tin g the eco n o m ic value o f coastal habitats. U nfortunately, for m o st species, th ere was in ad e q u ate in fo rm a tio n to judge th e degree to w hich these coastal h abitats lim it p o p u latio n g row th a n d fishery p ro d u c tio n . T here is a n obvious lack o f in fo rm a tio n o n ho w fish utilize som e h a b ita t types in th e ICES Area, p a rtic u larly com plex h a rd -b o tto m ha b ita ts such as kelp forests, rocky shores, a n d m acroalgae, w here m an y census techniques are in a d equate. T he collective in fo rm a tio n suggests th a t these habitats m ay be essential fo r m a n y species. O ne re co m m e n d a tio n is to focus fu tu re studies o n these h a b ita t types to a tta in qu an titativ e d a ta o n fish (b o th p o p u la tio n -a n d individual-level da ta ) a n d th eir d ependence o n these habitats.
H u m a n p o p u la tio n n u m b ers have b een increasing substantially in coastal h abitats (A iroldi a n d Beck, 2007) . Factors associated w ith na tu ra l a n d a n th ro p o g e n ic global change, inclu d in g rising tem p e ra tu re a n d sea levels, changes in th e m ag n itu d e o f n u trie n t a n d sedi m e n t run -o ff, overfishing, dredging, a n d sand m ining, a n d h a b ita t loss, presen t increased threats to coastal h ab itats w orldw ide (K ennesh, 2002; K em p et al., 2005; Lotze et al., 2006) . A lthough m an ag em en t has a tte m p ted to am eliorate adverse effects o f h a b ita t d egradation, to som e extent, m an y m an ag em en t efforts do n o t go far e n ough in p ro tec tin g these delicate ha b ita ts a n d the species th a t rely o n th em . It is estim ated th a t 85% o f E u ro p ea n coast lines are degraded (EEA, 1999), a n d public aw areness o f prolonged ha b ita t losses is lim ited (Lotze, 2004) .
In o u r assessm ent, seagrass, shallow in te rtid a l a n d su b tid al soft b o tto m s, shallow o p e n w ater, m acroalgae, a n d rocky-shore habitats su p p o rte d all fo u r m ajo r ecological fu n ctio n s-n u rse ry provision, spaw ning area, m igration, a n d re p ro d u ctiv e areas-am o n g the species investigated. These habitats are th rea te n e d b y a n th ro p o g e n ic d istu rb an ce a n d stress d u e to p o llu tio n , e u tro p h ica tio n , and increased tu rb id ity leading to reduced w ater clarity, im p o rta n t for seagrass a n d m acroalgae (O rth et al., 2006) , as well as direct h a b ita t d e stru ctio n fro m dredging, sand m ining, a n d destructive fishing practices, such as traw ling a n d dredging (T u rn er et al., 1999; Jackson et al., 2001) . A synthesis o f the in te rac tio n o f h u m a n activities w ith m arin e ecosystem s in d icated th a t "n o area is unaffected b y h u m a n im p a c t" (H a lp ern et al., 2008), a n d o th er studies show coastal h abitats are th reaten ed b y m ultip le a n th ro p o genic im pacts (Lotze et al., 2006; H a lp ern et al., 2007) . V arious threats m ay affect different coastal h abitats differentially, as p o llu tio n a n d tu rb id ity are im p o rta n t for vegetated habitats (D uarte, 2002) , w hile destructive fishing practices are m o st dam ag in g to b io genic habitats, such as oyster reefs a n d m aerl beds (B arbera et al., 2003) . G ear effects from fishery activities have d e trim en tal effects o n coastal h abitats in m a n y areas (T h ru sh a n d D ayton, 2002; C huenpagdee et al., 2003 ; H ix o n a n d Tissot, 2007; H o b d a y et al., 2011) . M oreover, th e c u rre n t d istrib u tio n o f key habitats still needs to b e quantified, a n d recent efforts to d o so are m ak in g p ro gress in th e rig h t d irec tio n (A gardy a n d Alder, 2005) , such as h a b ita t classifications th ro u g h th e E u ro p ean U n io n N atu re In fo rm a tio n System (EUNIS) p ro g ram m e (Davies et al., 2004) , a n d th ro u g h m o delling techniques (Bekkby et al., 2008; Sundblad et al., 2011; G o rm a n et al., 2013) . O nly w hen we have qu an titativ e know ledge o n b o th the spatial d istrib u tio n o f h abitats (e.g. total area th ro u g h m ap p in g a n d re m o te sensing; q uality th ro u g h p ro d u c tio n per u n it area) a n d o n p o p u la tio n fitness in different h a b ita t types (i.e. secondary p ro d u c tio n per u n it area in each h a b ita t type) can w e estim ate th e c o n trib u tio n o f different h a b ita t types to fish o r invertebrate p ro d u c tio n a n d fisheries.
M a n y o f th e threats to coastal habitats can adversely affect specif ic im p o rta n t fish a n d invertebrate species. As o n e exam ple, since plaice use shallow so ft-b o tto m areas as n u rse ry gro u n d s, th e early juvenile stage is vulnerable to new c o n stru ctio n a n d in frastru ctu ral w orks, such as h a rb o u rs a n d ro a d banks, a n d to lan d reclam ation (R ö n n b äck et al., 2007) . A n o th e r th rea t to plaice n u rsery g rounds is the re d u c tio n in h a b ita t quality a n d q u a n tity caused b y the p ro lif e ratio n o f m acroalgae (Pihl etal., 2005) , w hich m a y b e a sign o f b o th e u tro p h ic a tio n a n d a tro p h ic cascade releasing p re d a tio n pressure o n grazers (Svensson e ta l., 2012) .
In a n o th e r species-specific exam ple, since cod d e p en d o n com plex coastal h abitats d u rin g early dem ersal life stages, loss o f these h a b ita t types m ay be d e trim en tal to cod p o p u la tio n recovery. A c o n tin u o u s loss o f large, com plex vegetation d u e to overgrow th b y filam entous algae caused b y e u tro p h ic a tio n a n d excess se d im e n ta tio n , au g m en ted b y coastal c o n stru ctio n , is a serious th rea t to cod n u rse ry g ro u n d s (Pihl et al., 2006 ; A iroldi a n d Beck, 2007) . D eg rad atio n o f these h ab itats m ay also be triggered b y a w eakened tro p h ic co n tro l, stem m in g fro m decreases in large p re d ato ry fish, as well as direct losses d u e to harvesting o f algae (T egner and D ayton, 2000) . T hus, overfishing m ay in directly cause d eg rad atio n o f coastal habitats, w hich m ay give rise to a feedback m ech an ism as re cru itm e n t o f large p re d ato ry fish is im p a ired (E riksson et al., 2011) . F urther, loss o f biogenic stru ctu res in gravel h abitats d u e to b o tto m traw ling m ay pose a th rea t to cod n u rse ry h abitats in areas w ith a n in ten se dem ersal fishery (L indholm etal., 2 004). In a d d itio n to these, o th e r a n th ro p o g e n ic effects such as o cean acidification and clim ate w arm in g also likely have negative effects o n fish species, al th o u g h th e m ag n itu d e a n d d irec tio n o f such effects d e p en d o n loca tio n a n d are difficult to pred ict (Jones, 2014) .
Exem plifying th e case o f invertebrates, coastal h ab itats are very im p o rta n t for b ro w n shrim p, a n d non-selective gear used in shallow h abitats can destroy these fragile areas. T herefore, th e m ajo r ecological threats to C. crangon are th o u g h t to involve h a b ita t deg ra d a tio n (B ro ad h u rst et al., 2006; ICES, 2011) . Towed o r dragged c o m m ercial fishing gear (b en th ic traw ls o r dredges) are responsible for over 50% o f to ta l fishery landings (Kelleher, 2005) , a n d the h a b ita t d e stru ctio n a n d bycatch loss b y such gear is substantial a n d a larm ing (B ro ad h u rst e ta l., 2006).
T he threats to nearshore coastal a n d estuarine ecosystem s to d ay arise from a vast range o f h u m a n activities, inclu d in g coastal devel o p m en t, in d u stria l fishing, aquaculture, u p stre am d am s, a n d w ater diversions. T he im pacts are m anifold, in clu d in g h a b ita t loss a n d d egradation, p o llu tio n , e u tro p h ica tio n , h a rm fu l algal bloom s, changes in freshw ater inflow s o r tidal p atterns, loss o f fish a n d shell fish p o p u latio n s, diseases, a n d invasive species. All these can have im pacts o n n a tu ra l p o p u latio n s a n d also u p o n coastal shellfish a q u acu ltu re o perations.
It is clear fro m o u r analysis th a t m an y c om m ercially im p o rta n t species in the ICES A rea utilize coastal habitats. For m o st species, however, there is insufficient in fo rm a tio n to judge w h eth er these coastal habitats (o r n o n -c o asta l h ab itats used d u rin g o th er p arts o f th e life cycle) are actually essential a n d lim itin g to p o p u la tio n g row th a n d fishery p ro d u c tio n .
Since m an y species use coastal h abitats as spaw ning, feeding, a n d n u rse ry areas, a n d these life stages usually have very specific h ab itat dem ands, h a b ita t availability m ay be a b o ttlen eck for m a n y p o p u la tions (Fodrie a n d Levin, 2008; S undblad etal., 2014) . F u rth e r studies are n eeded to a tta in q u a n titativ e d a ta o n coastal h a b ita t use b y fish a n d invertebrates to aid th e d efin itio n o f key ha b ita ts for p ro tec tio n a n d re sto ratio n efforts a n d to integrate h a b ita t quality in stock as sessm ent a n d ecosystem -based fishery m anagem ent. P otential consequences o f fu rth e r d eg rad a tio n o f coastal habitats co u ld include decreased fishery landings, since such a large p e rce n t age o f im p o rta n t fishery species depends o n those habitats. G iven the likelihood for stro n g d ependence u p o n specific coastal habitats d u rin g juvenile stages in m arin e fish (Juanes, 2007) , fu rth e r reviews q uantifying detailed use o f habitats b y exploited species are a n tic i p ated to give a d d itio n al w eight to a rg u m en ts for h a b ita t preserva tio n th ro u g h MPAs a n d o th e r m eans (Agardy, 2000) . T here have been efforts a n d policies d irected tow ards coastal a n d m arin e h a b i tats o f E urope th a t are th rea te n e d (A iroldi a n d Beck, 2007) a n d efforts to develop efficient netw orks o f MPAs to p ro tec t such ecosys tem s (Sala e ta l., 2002; Fenberg e ta l., 2012) . H ow ever, MPAs alone can n o t p ro tec t h abitats fro m all a n th ro p o g e n ic threats, such as p o l lu tio n (A iroldi a n d Beck, 2007) , aquaculture, a n d cross-ecosystem effects o f fishing (E riksson etal., 2011) . F u tu re fishery m an ag em en t efforts need to b e directed n o t o nly at m ain tain in g fish stocks, b u t also a t preserving a n d resto rin g the h abitats th a t are essential for fish a n d invertebrate p o p u latio n s, w hich is a m ajo r th ru st o f ecosystem -based m anagem ent.
